Medical imaging involves handling of huge volumes of DICOM images. Main agenda is to compress the images without compromising on the quality of the image. In this paper, a comparative analysis of different compression techniques is made for medical DICOM images. Lossless compression based on General indexing and Huffman gave maximum compression ratio 1.6 and 1.85. The proposed lossy compression is based on db1, db2 wavelet at single level decomposition. The proposed technique is computationally efficient since it uses a simple algorithm, at the same time achieving good PSNR, compression ratio and bits per pixel (bpp). The PSNR achieved with the proposed algorithm is always above 54.5db across all test images. The results obtained clearly indicate that the proposed technique preserves the tumor region, thus not affecting medical diagnosis. Thus further processing like segmentation, tumor detection and classification can be applied on these compressed images.
INTRODUCTION
MRI (Magnetic resonance imaging) is the most widely used method in medical diagnosis. In the medical imaging MRI images are voluminous. Each image requires a large amount of storage and collectively a patient's record may require many images to be stored. So to reduce the storage space compression is done. In case of medical imaging the most important requirement for any compression technique is to preserve the ROI (region of interest) which in our case is the tumor part so that medical diagnosis must not be affected thus maintaining the quality of the image. An image compression technique can be classified as lossless or lossy.
In lossless compression no data is lost i.e. image is reconstructed perfectly. As compared to the lossless compression technique the lossy techniques are more efficient in terms of compression ratio. In this the required image characteristics are usually preserved in the coefficients of domain space in which original image is transformed into. In DWT (Discrete Wavelet Transform) image compression the wavelet coefficients i.e. approximation coefficients keep all the information needed for reconstructing the medical image. To achieve maximum compression ration only the approximation coefficients are saved discarding others. The different parameters to judge the performance of the lossy compression technique is PSNR, compression ratio, bits per pixel, etc.
In the next section, the related work is briefed. In Section 3, the algorithms for lossless and lossy compression are described. Section 4 contains experimental results. We offer our conclusions in Section 5. Ruchika et al. [1] proposed a method in which the redundancy of the medical image and DWT coefficients are reduced through thresholding and further through Huffman encoding.
RELATED WORK

In [2], Two Component Medical Image Compression
Technique is implemented where some of the slices in a sequence are represented by JPEG data and some of the slices are represented by SPIHT data.
Paper [3] gives analysis of efficient wavelet based volumetric image compression.
In this paper we propose a method giving better results in terms of the compression ratio (CR), PSNR and bits per pixel (bpp).
IMPLEMENTATION
Lossless technique
In General indexing technique, the histogram of the image is computed and the number of non-zero intensity values is found. The number of bits to encode is log2(N), where N is the number of non-zero intensity, which is fixed across all pixels.
In Huffman coding, the histogram of the image is found and probability of intensity values is calculated. Based on these probabilities the standard Huffman algorithm is applied to generate the variable length code.
Lossy Technique
In image compression, transform coding techniques the most popular method used is discrete wavelet transform (DWT). Wavelet transform provides the time-frequency analysis simultaneously as it provides multi-resolution analysis.
The discrete wavelet transform is implemented using multirate filter banks. These filters divide a signal frequency into subbands. At each level of decomposition the approximation coefficients are generated from low pass filter and the detail coefficients from high pass filter. DWT analyzes an image across rows and columns so as to separate the horizontal, vertical, diagonal details as shown in Fig.1. In case of single level decomposition at first stage the rows are filtered using low and high pass filters. The filtering is done using the 1-D convolution with filter coefficients; this is followed by the downsampling with factor 2. In second stage filtering is done on columns followed by downsampling with factor 2 giving the four subbands LL, HL, LH, HH. The Fig.1 shows the single level decomposition.
Fig.1 Single level decomposition
The single level decomposition shown in Fig.1 clearly indicates that the approximation coefficient (LL) preserves most of the information including the tumor region hence we can discard other detail information like horizontal, vertical and diagonal to achieve good compression ratio. In this paper two wavelets are examined: Daubechies 1 i.e. Haar and Daubechies 2. The wavelet functions for the Haar and Daubechies 2 as shown in Fig.2 .
Fig.2 Wavelet functions for the Haar and Daubechies 2
The proposed wavelet based image compression algorithm is explained below:
1. Read the DICOM image 2. Decompose the image using the DWT 3. Scale the approximate coefficients i. If the maximum coefficient value is above 1000 then scale by factor 100.
ii. If the maximum coefficient value is below 1000 then scale by factor 10.
4. These scaled coefficients are then quantized by thresholding.
5. The approximate coefficients are then encoded using Huffman coding technique.
The inverse discrete wavelet transform (IDWT) reconstructs the scaled and thresholded approximate coefficient. The reconstructed image based on the proposed method is shown in Fig.3 , which shows that the tumor part is preserved after the reconstruction. For viewing purpose only image 1, 2, 11 and 12 are shown. 
EXPERIMENTAL RESULTS
The images used to test the performance of the Medical Image compression techniques are shown in Fig.4 . These images are obtained from Gundiyal radio diagnostic centre, Amravati, Maharashtra, India. All the images used for testing are 16-bit unsigned integer, DICOM images. The results for lossless compression based on General Indexing technique and Huffman coding are shown in Table 1 and 2 respectively. The results for lossy compression are based on db1, db2 wavelets is shown in table 3, 4 respectively. The codes were executed on an Intel Core i5-2430 processor with 4GB RAM memory.
The parameters used to evaluate the results are defined as below:
Compression Ratio (CR):
where n1 is the number of bits to represent the original image and n2 is the number of bits to represent the encoded image. The maximum compression ratio achieved using simple indexing is 1.6. The average encoding and decoding time across all the 12 test images is 478.4738 and 69.6645 sec respectively. The maximum compression ratio achieved using Huffman encoding is 1.8568. The average encoding and decoding time across all the 12 test images is 680.9699 and 1001.926 sec respectively. Since both the techniques are lossless they perfectly reconstruct the image.
Peak Signal to
The maximum compression ratio achieved using db1 based wavelet compression is 40.7784. The average encoding time, decoding time, bits per pixel and PSNR across all the 12 test images is 6.6321 sec, 1.5553sec, 0.55592 bpp and 56.78475 db respectively.
The maximum compression ratio achieved using db2 based wavelet compression is 40.1415. The average encoding time, decoding time, bits per pixel and PSNR across all the 12 test images is 6.6607 sec, 1.5559 sec, 0.54659 bpp and 56.91690 db respectively. Fig.3 shows the reconstructed images based on db1, db2 wavelet compression. The reconstructed images clearly preserve the quality of the image and more importantly the tumor region.
CONCLUSION
The quantitative analysis of the compression techniques clearly shows the ineffectiveness of the lossless techniques to achieve high compression ratios and less time for computation. The proposed technique based on single level decomposition uses scaling and thresholding of approximation coefficients. Thus the time for encoding and decoding required is less. The PSNR achieved is above 54.5 db across all the test images, for wavelets namely db1, db2. The maximum PSNR, CR and minimum bpp achieved by [1] is comparatively lower than that achieved by our proposed method using db1 and db2. The proposed algorithm also provides superior performance in terms of compression rate and PSNR compared to [2] . The formula used by [3] to calculate CR is different from the one used in this paper; using the formula given in [3] maximum CR we achieved is 97.54 which is much higher than the maximum achieved i.e. 79.6038 in paper [3] for MRI images. The results obtained by our proposed method clearly demonstrate that the superior quality images can be obtained preserving the tumor region. Hence further processing like segmentation, tumor detection and classification can be applied on these compressed images. 
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